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Description 

[0001] The present invention relates to a process for producing cut pieces with an adhesive sheet, said adhesive 
sheet being a radiation-curable heat-peelable pressure-sensitive adhesive sheet from which cut pieces of an adherend 

5 can be easily separated and recovered through irradiation with a radiation and a heat treatment. 

[0002] A heat-peelable pressure-sensitive adhesive sheet comprising a high modulus film or sheet substrate made 
of a plastic or the like and formed thereon a pressure-sensitive adhesive layer containing a blowing agent has been 
known as a pressure-sensitive adhesive sheet which is used in cutting a work to be cut, such as a semiconductor wafer 
or a multilayer capacitor sheet, into pieces of a given size in such a manner that the adhesive sheet is applied to the 

10 work (adherend) and the cut pieces, e.g., chips, are easily separated and recovered therefrom (see, for example, JP-B- 
50-13878 (the term "JP-B" as used herein means an "examined Japanese patent publication"), JP-B-51 -24534, JP-A- 
56-61468 (the term "JP-A" as used herein means an "unexamined published Japanese patent application"), JP-A- 
56-61469, and JP-A-60-252681). This heat-peelable pressure-sensitive adhesive sheet is intended to attain both the 
adhesive holding power which enables the adhesive sheet to withstand adherend cutting and the easy separation and 

15 recovery of resultant cut pieces therefrom. Namely, this pressure-sensitive adhesive sheet has the following feature. 
The adhesive sheet has high tackiness when in contact with an adherend. However, at the time when cut pieces are 
to be recovered, the foamable pressure-sensitive adhesive layer containing heat-expandable microspheres is foamed 
or expanded by heating to thereby come to have a roughened surface. Due to the resultant decrease in the area in 
which the adhesive layer is adherent to the adherend, the tackiness is reduced or lost and, hence, the cut pieces can 

20 be easily separated from the adhesive sheet. 

[0003] However, the heat-peelable pressure-sensitive adhesive sheet described above has the following problems 
when used in cutting an adherend fixed thereto. Since the pressure-sensitive adhesive layer is soft and is thick because 
it contains heat-expandable microspheres, an adhesive waste is flung up by the cutting blade and the pressure-sensitive 
adhesive layer deforms to cause chipping. An effective measure in overcoming these problems is to reduce the thick- 

25 ness of the pressure-sensitive adhesive layer. However, if the heat-peelable pressure-sensitive adhesive sheet de- 
scribed above is produced so that the pressure-sensitive adhesive layer has a reduced thickness not larger than the 
size of the heat-expandable microspheres, then the heat-expandable microspheres partly protrude from the surface 
of the pressure-sensitive adhesive layer to impair the surface smoothness of the pressure-sensitive adhesive layer. 
This pressure-sensitive adhesive sheet cannot have tackiness sufficient to hold an adherend thereon. Consequently, 

30 thickness reduction in the pressure-sensitive adhesive layer is limited and there are cases where those problems 
remain unsolved. 

[0004] On the other hand, a radiation-curable pressure-sensitive adhesive sheet also is extensively used in cutting 
a work into pieces in such a manner that the adhesive sheet is applied to the work and the cut pieces, e.g., chips, are 
separated and recovered therefrom. The radiation-curable pressure-sensitive adhesive sheet generally has a pressure- 
35 sensitive adhesive layer containing a radiation-curable compound, and is characterized in that when the cut pieces 
resulting from the cutting are to be recovered, the radiation-curable pressure-sensitive adhesive sheet is irradiated 
with a radiation to cure the pressure-sensitive adhesive layer and thereby considerably reduce the tackiness thereof. 
In this radiation-curable pressure-sensitive adhesive sheet, the thickness of the pressure-sensitive adhesive layer can 
be reduced infinitesimally and this is advantageous in preventing the adhesive from being flung up or deformed. How- 
40 ever, use of the conventional radiation-curable pressure-sensitive adhesive sheet has the following problem. Since the 
pressure-sensitive adhesive layer, even after having been cured by irradiation with a radiation, generally has residual 
tackiness, the recovery of cut pieces necessitates a pickup operation in which a physical stress is necessary for, e.g., 
pushing up the cut pieces. It has been pointed out that this pickup recovery operation may mar or crack the cut pieces 
when the cut pieces are exceedingly thin like semiconductor wafers and the like, whose thickness is decreasing recently. 
45 [0005] In JP-A-63-17981 is disclosed a pressure-sensitive adhesive sheet for use in cutting a semiconductor wafer 
into pieces. This pressure-sensitive adhesive sheet comprises a substrate coated with a pressure-sensitive adhesive 
layer comprising a pressure-sensitive adhesive, a radiation-polymerizable compound, and a heat-expandable com- 
pound. In the document cited above is also disclosed a method which comprises adhering a semiconductor wafer to 
the surface of the pressure-sensitive adhesive layer of the pressure-sensitive adhesive sheet, dicing the wafer, sub- 
so sequently conducting irradiation with a radiation and a thermal expansion treatment simultaneously to reduce the tack- 
iness, and then picking up the cut pieces. This method, however, has the following drawback. Since the irradiation with 
a radiation and thermal expansion treatment for reducing tackiness are simultaneously conducted after the cutting 
(dicing) step, an adhesive waste is flung up and the adhesive layer deforms during the work-cutting operation. As a 
result, the precision of cutting is low. In addition, since the pressure-sensitive adhesive layer has high residual tackiness 
55 after the irradiation with a radiation and thermal expansion treatment, it is difficult to recover exceedingly thin cut pieces. 
The object of the present invention is to provide a process for producing cut pieces with a radiation-curable heat- 
peelable pressure-sensitive adhesive sheet which has tackiness enabling adherends to withstand transportation and 
other steps, with which cutting can be conducted without flinging up an adhesive waste or causing chipping, and from 
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which the cut pieces can be easily separated and recovered. 

[0006] As a result of intensive studies to accomplish this object, it has been found the following. 
[0007] A pressure-sensitive adhesive sheet comprising a substrate and formed on a surface thereof a pressure- 
sensitive adhesive layer having both radiation curability and thermal expansibility can be used to cut a work and effi- 

5 ciently and smoothly separate and recover the cut pieces therefrom without arousing troubles in processing steps, 
when the thermal expansibility is imparted with heat-expandable microspheres and the work-cutting step is conducted 
after the curing of the pressure-sensitive adhesive layer by irradiation with a radiation and before the thermal foaming 
of the pressure-sensitive adhesive layer. The invention has been completed based on this finding. 
[0008] The invention provides a process for producing cut pieces which comprises placing a work to be cut on the 

10 surface of the pressure-sensitive adhesive layer of a radiation-curable, heat-peelable, pressure-sensitive adhesive 
sheet which comprises a substrate and, formed on at least one side thereof, a pressure-sensitive adhesive layer con- 
taining heat-expandable microspheres and a radiation-polymerizable compound, irradiating the pressure-sensitive ad- 
hesive layer with a radiation to cure the adhesive layer, cutting the work into pieces, subsequently thermally foaming 
the pressure-adhesive layer, and then separating and recovering the cut pieces from the adhesive layer. 

15 [0009] Preferred embodiments of the invention are set forth in the sub-claims. 

Fig. 1 is a diagrammatic sectional view showing one embodiment of the radiation-curable heat-peelable pressure- 
sensitive adhesive sheet used in the invention. 

Fig. 2 is a diagrammatic sectional view showing another embodiment of the radiation-curable heat-peelable pres- 
20 sure-sensitive adhesive sheet used in the invention. 

Fig. 3 is a diagrammatic view showing steps of one embodiment of the process of the invention for producing cut 
pieces. 

[Description of the Reference Numerals and Signs] 

25 

[0010] 

1: Substrate 

2: Radiation-curable heat-expandable pressure-sensitive adhesive layer 
30 2a: Pressure-sensitive adhesive layer which has cured through irradiation with radiation 

2b: Pressure-sensitive adhesive layer which has been thermally expanded after irradiation with radiation 
3: Separator 

4: Pressure-sensitive adhesive layer 
5: Adherend (work to be cut) 
35 6: Radiation 

7: Cutting line 
8: Cut piece 

[0011] Modes for carrying out the invention will be explained below in detail by reference to the drawings according 

40 to need. Fig. 1 is a diagrammatic sectional view showing one embodiment of the radiation-curable heat-peelable pres- 
sure-sensitive adhesive sheet used in the invention. In this embodiment, a radiation-curable heat-expandable pressure- 
sensitive adhesive layer 2 has been formed on one side of a substrate 1 and a separator 3 has been further superposed 
thereon. The pressure-sensitive adhesive sheet used according to the invention can have any appropriate shape se- 
lected from ordinary or known ones such as, e.g., sheet and tape forms. 

45 [0012] The substrate 1, which serves as a support for the pressure-sensitive adhesive layer 2, etc. , is made of a 
material having a degree of heat resistance such that the substrate is not impaired in mechanical strength by a heat 
treatment of the pressure-sensitive adhesive layer 2. Examples of the substrate 1 include films and sheets of plastics 
such as polyesters, olefin resins, and poly (vinyl chloride). However, the substrate 1 should not be construed as being 
limited to these examples. The substrate 1 is preferably cuttable by a cutting means, such as a cutter, used for cutting 

50 an adherend. Use of a substrate having heat resistance and stretchability, such as, e.g., a flexible polyolefin film or 
sheet, as the substrate 1 is advantageous in cut-piece recovery techniques in which cut pieces should be made apart 
from each other, because such a substrate can be stretched after the cutting of a work, (n the case where ultraviolet 
is used as the radiation for curing the pressure-sensitive adhesive layer 2, the substrate 1 should be constituted of a 
material capable of transmitting ultraviolet at least in a given amount. The substrate 1 may have a single-layer or 

55 multilayer structure. 

[0013] The thickness of the substrate 1 can be suitably selected in such a range as not to impair operating efficiency 
and working efficiency in the steps of application to an adherend, cutting of the adherend, separation and recovery of 
cut pieces, etc. However, the thickness thereof is generally 500 urn or smaller, preferably about 3 to 300 urn, more 
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preferably about 5 to 250 urn. The surface of the substrate 1 may have undergone an ordinary surface treatment, e. 
g., a chemical or physical treatment such as treatment with chromic acid, exposure to ozone, exposure to flame, ex- 
posure to high-voltage electric shock, treatment with ionizing radiation, etc., a coating treatment with a primer (e.g., 
the pressure-sensitive adhesive substance which will be described later) , or the like for the purpose of enhancing 
5 adhesion to the adjacent layer, holding power, etc. 

[0014] The radiation-curable heat-expandable pressure-sensitive adhesive layer 2 comprises a pressure-sensitive 
adhesive substance for imparting tackiness, a radiation-polymerizable compound for imparting radiation curability, and 
heat-expandable microspheres for imparting thermal expansibility. 

[0015] As the pressure-sensitive adhesive substance can be used conventionally known pressure-sensitive adhe- 
10 sives. Examples thereof include rubber-based pressure-sensitive adhesives comprising natural rubber or any of various 
synthetic rubbers, silicone-based pressure-sensitive adhesives, and acrylic pressure-sensitive adhesives comprising, 
e.g., a copolymer of an alkyl (meth) acrylate and one or more unsaturated monomers copolymerizable therewith. Such 
a pressure-sensitive adhesive may be one in which the base polymer has, in the molecule, carbon-carbon double 
bonds undergoing polymerization by the action of a radiation. Especially preferred among those pressure-sensitive 
15 adhesives are acrylic pressure-sensitive adhesives from the standpoint of compatibility thereof with the radiation-po- 
lymerizable compound to be incorporated into the pressure-sensitive adhesive layer 2 and other standpoints. 
[001 6] Examples of the acrylic pressure-sensitive adhesives include pressure-sensitive adhesives containing as the 
base polymer an acrylic polymer (homopolymer or copolymer) produced using one or more monomer ingredients se- 
lected from alkyl (meth)acrylates (such as the esters with C^o alkyls, e.g., the methyl ester, ethyl ester, propyl ester, 
20 isopropyl ester, butyl ester, isobutyl ester, s-butyl ester, t-butyl ester, pentyl ester, hexyl ester, heptyl ester, octyl ester, 
2-ethylhexyl ester, isooctyl ester, isodecyl ester, dodecyl ester, tridecyl ester, pentadecyl ester, hexadecyl ester, hep- 
tadecyl ester, octadecyl ester, nonadecyl ester, and eicosyl ester) and cycloalkyl (meth)acrylates (such as the esters 
with C 3 . 20 cycloalkyls, e.g., the cyclopentyl ester and cyclohexyl ester). 

[0017] As an acrylic pressure-sensitive adhesive can also be used a pressure-sensitive adhesive containing as the 

25 base polymer a copolymer of one or more of those alkyl (or cycloalkyl) (meth)acrylates with one or more other monomers 
used for modifying pressure-sensitive adhesive properties or for other purposes. Examples of such other monomers 
(comonomers) include carboxyl-containing monomers such as acrylic acid, methacrylic acid, carboxyethyl acrylate, 
carboxypentyl acrylate, itaconic acid, maleic acid, fumaric acid, and crotonic acid; acid anhydride monomers such as 
maleic anhydride and itaconic anhydride; hydroxy l-conta in ing monomers such as 2-hydroxyethyl (meth)acrylate, 2-hy- 

30 droxypropyl (meth)acrylate, and 4-hydroxybutyl (meth)acrylate; sulfo-containing monomers such as styrenesulfonic 
acid, allylsulfonicacid, 2-(meth)acry!amido-2-methylpropanesutfonic acid, and (meth)acrylamidopropanesulfonic acid; 
phosphate-containing monomers such as 2-hydroxyethyl acryloylphosphate; (N-substituted) amide monomers such 
as (meth)acrylamide, N-butyl(meth)acrylamide, N-methylol(meth)acrylamide, and N-methylolpropane(meth)acryla- 
mide; alkylaminoalkyl (meth)acrylate monomers such as aminoethyl (meth) acrylate and N.N-dimethylaminoethyl 

35 (meth)acrylate; alkoxyalkyl (meth)acrylate monomers such as methoxyethyl (meth)acrylate and ethoxyethyl (meth) 
acrylate; maleimide monomers such as N-cyclohexylmaleimide and N-isopropylmaleimide; itaconimide monomers 
such as N-methylitaconimide and N-ethylitaconimide; succinimide monomers such as N-(meth)acryloyloxymethyIene- 
succinimide and N-(meth)acry!oyl-6-oxyhexamethy!enesuccinimide; vinyl monomers such as vinyl acetate, vinyl pro- 
pionate, N-vinylpyrrolidone, methylvinylpyrrolidone, styrene, and a-methylstyrene; cyanoacrylate monomers such as 

40 acrylonitrile and methacrylonitrile; epoxy-containing acrylic monomers such as glycidyl (meth) acrylate; acrylic glycol 
ester monomers such as polyethylene glycol (meth)acrylate and polypropylene glycol (meth)acrylate; acrylic ester 
monomers having one or more heterocycles, halogen atoms, silicon atoms, or the like, such as tetrahydrofurfuryl (meth) 
acrylate, fluoro(meth)acrylates, and silicone (meth)acrylates; polyfu notional monomers such as hexanediol di(meth) 
acrylate, (poly)ethylene glycol di(meth)acrylate, (poly)propylene glycol di(meth)acryiate, neopentyl glycol di(meth)acr- 

45 ytate, pentaerythritol di(meth)acrylate, trimethylolpropane tri(meth)acrylate, pentaerythritol tri(meth)acrylate, dipen- 
taerythritol hexa(meth)acrylate, epoxy acrylates, polyester acrylates, and urethane acrylates; olefin monomers such 
as isoprene, butadiene, and isobutylene; and vinyl ether monomers such as vinyl ether. These monomers can be used 
alone or in combination of two or more thereof. 

[001 8] Appropriate additives may be incorporated into the radiation-curable heat-expandable pressure-sensitive ad- 
50 hesive layer 2 besides a pressure-sensitive adhesive, a radiation-polymerizable compound, and heat-expandable mi- 
crospheres. Examples of such additives include crosstinking agents (e.g., isocyanate crosslinking agents and epoxy 
crosslinking agents), tackifiers (e.g., rosin derivative resins, polyterpene resins, petroleum resins, and oil-soluble phe- 
nolic resins), plasticizers, fillers, antioxidants, and surfactants. Furthermore, a photopolymerization initiator is incorpo- 
rated when ultraviolet is used as a radiation. 
55 [0019] The heat-expandable microspheres may be microspheres formed by surrounding a substance which readily 
becomes gaseous and expands upon heating, such as, e.g., isobutane, propane, or pentane, in elastic shells. The 
shells are usually made of a thermoplastic substance, a heat-meltable substance, a substance which bursts due to 
thermal expansion, or the like. Examples of such substances constituting the shells include vinylidene chtoride/acry- 



4 



EP 1 126 001 B1 



lonitrile copolymers, polyvinyl alcohol), polyvinyl butyral), poIy(methyl methacrylate), polyacrylonitrile, poly(vinylidene 
chloride), polysulfones, and the like. The heat-expandable microspheres can be produced by an ordinary method such 
as, e.g., the coacervation method or the interfacial polymerization method. As the heat-expandable microspheres can 
also be used a commercial product such as Matsumoto Microsphere [trade name; manufactured by Matsumoto Yushi- 
5 Seiyaku Co.. Ltd.]. 

[0020] The average particle diameter of the heat-expandable microspheres is generally about 1 to 80 urn, preferably 
about 1 to 50 u.m, from the standpoints of dispersibility, suitability for thin-film formation, etc. Furthermore, in order for 
the heat-expandable microspheres to efficiently reduce the tackiness of the pressure-sensitive adhesive layer contain- 
ing a pressure-sensitive adhesive through a heat treatment, the microspheres preferably have such a moderate 
10 strength that they do not burst until their degree of volume expansion reaches 5 times or more, especially exceeds 10 
times (e.g., 1 2 times or more). In case of using heat-expandable microspheres which burst at a low degree of expansion 
or using a heat-expanding agent which has not been microencapsulated, the area in which the pressure-sensitive 
adhesive layer 2 is adherent to an adherend cannot be sufficiently reduced and satisfactory separability is difficult to 
obtain. 

15 [0021] The amount of the heat-expandable microspheres to be used varies depending on the kind thereof. However, 
the amount thereof is generally 10 to 200 parts by weight, preferably about 20 to 125 parts by weight, per 100 parts 
by weight of the base polymer constituting the radiation-curable heat-expandable pressure-sensitive adhesive layer 
2. If the amount of the microspheres is smaller than 1 0 parts by weight, the effect of reducing tackiness through a heat 
treatment is apt to be insufficient. On the other hand, if the amount thereof exceeds 200 parts by weight, the pressure- 

20 sensitive adhesive layer 2 is apt to suffer cohesive failure or interfacial separation from the substrate 1 . 

[0022] Into the radiation-curable heat-expandable pressure-sensitive adhesive layer 2 is incorporated a radiation- 
polymerizable compound which has at least two radiation-polymerizable carbon-carbon double bonds in the molecule 
and cures by the action of a radiation to have a three-dimensional network. A photopolymerization initiator is further 
incorporated when ultraviolet irradiation is used as a means for curing. 

25 [0023] The radiation-polymerizable compound is preferably one having a molecular weight of about 1 0,000 or lower. 
More preferably, the radiation-polymerizable compound is one which has a molecular weight of about 5,000 or lower 
and contains from two or six radiation-polymerizable carbon-carbon double bonds per molecule so that the pressure- 
sensitive adhesive layer can be efficiently made to have a three-dimensional network through irradiation with a radiation. 
Typical examples of such a radiation-polymerizable compound include trimethylolpropane triacrylate, tetramethylol- 

30 methane tetraacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate, dipentaerythritol monohydroxypentaacr- 
ylate, dipentaerythritol hexaacrylate, 1 ,4-butylene glycol diacrylate, 1,6-hexanediol diacrylate, and polyethylene glycol 
diacrylate. Such radiation-polymerizable compounds can be used alone or in combination of two or more thereof. 
[0024] The amount of the radiation-polymerizable compound to be incorporated is determined in such a range as 
not to inhibit the heat-expandable microspheres from expanding or foaming after the pressure-sensitive adhesive layer 

35 2 has been cured by irradiation with a radiation. The amount thereof is suitably determined according to the kind of 
the radiation-polymerizable compound, expansion pressure of the heat-expandable microspheres, desired adhesion 
of the cured pressure-sensitive adhesive layer to an adherend, conditions for a cutting operation, etc. However, the 
radiation-polymerizable compound is added in an amount of generally about from 1 to 100 parts by weight, preferably 
about from 5 to 60 parts by weight, per 100 parts by weight of the base polymer in the pressure-sensitive adhesive 

40 layer 2. When the pressure-sensitive adhesive layer 2 which has undergone irradiation with a radiation has dynamic 
moduli of elasticity of 5x10 7 Pa or lower and 1x10 6 Pa or higher respectively at the temperature at which the heat- 
expandable microspheres begin to expand and at the temperature at which a cutting operation is to be conducted, 
then it is possible to attain both excellent workability in cutting and excellent thermal peelability. 
[0025] Examples of the photopolymerization initiator include isopropyl benzoin ether, isobutyl benzoin ether, benz- 

45 ophenone, Michler's ketone, chlorothioxanthone, dodecylthioxanthone, dimethylthioxanthone, acetophenone diethyl 
ketal, benzyl dimethyl ketal, a-hydroxycyclohexyl phenyl ketone, and 2-hydroxymethylphenylpropane. These photopo- 
lymerization initiators may be used alone or as a mixture of two or more thereof. 

[0026] The amount of the photopolymerization initiation to be incorporated is generally preferably from 0.1 to 5 parts 
by weight per 1 00 parts by weight of the base polymer. Amounts thereof smaller than 0.1 part by weight are undesirable 

50 in that the pressure-sensitive adhesive layer 2 comes to have an insufficient three-dimensional network through ultra- 
violet irradiation and, hence, the resultant decrease in the adhesion of the pressure-sensitive adhesive sheet to cut 
pieces is too small. Conversely, amounts thereof exceeding 5 parts by weight are undesirable in that not only curing 
corresponding to such a large initiator amount cannot be obtained, but also this photopolymerization initiator partly 
remains adherent on the back side of cut pieces. An amine compound such as triethytamine, tetraethylpentamine, or 

55 dimethylaminoethanol may be used as a photopolymerization accelerator according to need in combination with the 
photopolymerization initiator. 

[0027] The radiation-curable heat-expandable pressure-sensitive adhesive layer 2 can be formed by an ordinary 
method. For example, the adhesive layer can be formed by a method in which a coating fluid comprising a pressure- 
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sensitive adhesive, heat-expandable microspheres, and a radiation-polymerizable compound and optionally containing 
a photopolymerization initiator, additives, a solvent, etc. is applied to a substrate 1 . Alternatively, use may be made of 
a method in which the coating fluid is applied to an appropriate separator (e.g., release paper) to form a radiation- 
curable heat-expandable pressure-sensitive adhesive layer 2 and this layer is transferred to a substrate 1. 

5 [0028] The thickness of the radiation-curable heat-expandable pressure-sensitive adhesive layer 2 is, for example, 
300 urn or smaller (about 5 to 300 urn), preferably about 1 0 to 1 50 urn, from the standpoints of preventing the adhesive 
layer from leaving on the adherend an adhesive residue resulting from cohesive failure after the foaming or expansion 
of the heat-expandable microspheres, and of the particle diameter of the heat-expandable microspheres, etc. 
[0029] As the separator 3 can, for example, be used a substrate comprising a plastic film, paper, or the like and 

10 having a surface coated with a release agent represented by a silicone resin, long-chain-alkyl acrylate resin, fiuororesin, 
or the like or a substrate reduced in tackiness made of a nonpolar polymer such as polyethylene or polypropylene. 
The separator 3 may be used as a provisional support in transferring the radiation-curable heat-expandable pressure- 
sensitive adhesive layer 2 or the like to the substrate 1 as described above, or may be used as a protective material 
for protecting the radiation-curable heat-expandable pressure-sensitive adhesive layer 2 or the like until the adhesive 

15 sheet is subjected to practical use. The separator 3 need not be always disposed. 

[0030] The radiation-curable heat-expandable pressure-sensitive adhesive layer 2 can be formed not only on one 
side of the substrate 1 but on each side thereof. It is also possible to form the radiation-curable heat-expandable 
pressure-sensitive adhesive layer 2 on one side of the substrate 1 and further form, on the other side thereof, an 
ordinary pressure-sensitive adhesive layer containing neither a radiation-polymerizable compound nor heat-expand- 

20 able microspheres. Furthermore, an interlayer may be formed, for example, between the substrate 1 and the radiation- 
curable heat-expandable pressure-sensitive adhesive layer 2. 

[0031] Fig. 2 is a diagrammatic sectional view showing another embodiment of the radiation-curable heat-peelable 
pressure-sensitive adhesive sheet used in the invention. In this embodiment, a radiation-curable heat-expandable 
pressure-sensitive adhesive layer 2 has been formed on one side of a substrate 1 and a separator 3 has been super- 
25 posed thereon. Furthermore, a pressure-sensitive adhesive layer 4 and a separator 3 have been superposed on the 
other side of the substrate 1 . This pressure-sensitive adhesive sheet differs from the pressure-sensitive adhesive sheet 
of Fig. 1 only in that the pressure-sensitive adhesive layer 4 and a separator 3 have been disposed on that side of the 
substrate 1 which is opposite to the side where the radiation-curable heat-expandable pressure-sensitive adhesive 
layer 2 has been formed. 

30 [0032] The pressure-sensitive adhesive layer 4 comprises a pressure-sensitive adhesive substance. As this pres- 
sure-sensitive adhesive substance can be used the same pressure-sensitive adhesive substances (pressure-sensitive 
adhesives) as in the radiation-curable heat-expandable pressure-sensitive adhesive layer 2 described above. Appro- 
priate additives may be incorporated into this pressure-sensitive adhesive layer 4 according to need. Examples of such 
additives include crosslinking agents (e.g., isocyanate crosslinking agents and epoxy crosslinking agents), tackifiers 

35 (e.g., rosin derivative resins, polyterpene resins, petroleum resins, and oil-soluble phenolic resins), plasticizers, fillers, 
antioxidants, and surfactants. However, in the case where ultraviolet is used as the radiation for curing the pressure- 
sensitive adhesive layer 2, it is undesirable to use or add a substance which considerably inhibits the polymerization 
initiation reaction of the photoreaction initiator to be incorporated in the pressure-sensitive adhesive layer 2. 
[0033] The thickness of the pressure-sensitive adhesive layer 4 can be selected in such a range as not to impair 

40 operating efficiency and the like in application to an adherend, cutting of the adherend, separation and recovery of cut 
pieces, etc. In general, however, the thickness thereof is about 5 to 50 u.m. The pressure-sensitive adhesive layer 4 
can be formed by the same method as for the radiation-curable heat-expandable pressure-sensitive adhesive layer 2 
described above. As each separator 3 can be used the same one as the separator 3 disposed on the radiation-curable 
heat-expandable pressure-sensitive adhesive layer 2. Such a pressure-sensitive adhesive sheet can be used in the 

45 state of being fixed to the surface of a pedestal by utilizing the pressure-sensitive adhesive layer 4. 

[0034] Fig. 3 is a diagrammatic view showing steps of one embodiment of the process of the invention for producing 
cut pieces. More specifically, Fig. 3 illustrates, by means of sectional views, a series of steps comprising: press-bonding 
a work to be cut (adherend) 5 to the surface of the radiation-curable heat-expandable pressure-sensitive adhesive 
layer 2 of the radiation-curable heat-peelable pressure-sensitive adhesive sheet shown in Fig. 1 (from which the sep- 

50 arator 3 has been removed); irradiating the radiation-curable heat-expandable pressure-sensitive adhesive layer 2 
with a radiation 6 to cure the pressure-sensitive adhesive layer 2; cutting the adherend along cutting lines 7 into a given 
size to form cut pieces; subsequently conducting a heat treatment to expand or foam the heat-expandable microspheres 
contained in the pressure-sensitive adhesive layer; and then separating and recovering the cut pieces 8 from the sheet. 
In Fig. 3, numeral 1 denotes a substrate, 2a a pressure-sensitive adhesive layer which has cured through irradiation 

55 with a radiation, and 2b a pressure-sensitive adhesive layer which has been thermally expanded after the irradiation 
with a radiation. 

[0035] The press-bonding of the adherend 5 to the radiation-curable heat-expandable pressure-sensitive adhesive 
layer 2 of the radiation-curable heat-peelable pressure-sensitive adhesive sheet can be accomplished, for example, 
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using an appropriate pressing means such as a rubber roller, laminating roll, or pressing apparatus to press the ad- 
herend against the pressure-sensitive adhesive layer. Prior to this press-bonding, the pressure-sensitive adhesive 
substance may be activated if desired by heating at a temperature in a range where the heat-expandable microspheres 
do not expand or by applying water or an organic solvent, according to the type of the pressure-sensitive adhesive 
5 substance. 

[0036] As the radiation can be used ultraviolet, electron beams, or the like. The irradiation with a radiation can be 
conducted by an appropriate method. However, when the pressure-sensitive adhesive layer is irradiated with ultraviolet, 
there are cases where the heat-expandable microspheres begin to expand due to the heat of irradiation. It is therefore 
desirable in ultraviolet irradiation to keep the pressure-sensitive adhesive layer at a temperature at which the heat- 
10 expandable microspheres do not begin to expand. This can be accomplished, for example, by minimizing the irradiation 
time or by air-cooling the radiation-curable heat-peelable pressure-sensitive adhesive sheet to which an adherend has 
been bonded. 

[0037] The tackiness of the pressure-sensitive adhesive layer 2a which has cured through irradiation with a radiation 
can be suitably selected in such a range that the pressure-sensitive adhesive can be prevented from being flung up 

15 in the subsequent cutting operation and that the ability to fix the adherend 5 is not impaired. The tackiness thereof is 
generally about 0.1 to 10 N/20 mm, preferably about 0.3 to 2 N/20 mm (as measured by the same method as in the 
evaluation test which will be described later). The tackiness can be regulated by suitably selecting the kind and amount 
of the pressure-sensitive adhesive to be incorporated into the radiation-curable heat-expandable pressure-sensitive 
adhesive layer 2, kind and amount of the radiation-polymerizable compound, kind and amount of the photopolymeri- 

20 zation initiator, irradiation dose, etc. This tackiness can be further reduced or lost by expanding the heat-expandable 
microspheres by a heat treatment after cutting operation. 

[0038] The cutting of the adherend 5 can be conducted by an ordinary cutting means, e.g., dicing. Conditions for the 
heat treatment can be suitably fixed according to the surface state and heat resistance of the adherend 5 (or cut pieces 
8), kind of the heat-expandable microspheres, heat resistance of the pressure-sensitive adhesive sheet, heat capacity 

25 of the adherend (cut pieces), etc. However, general conditions include a temperature of 350°C or lower and a treatment 
time of 30 minutes or shorter, and especially preferably include a temperature of 100 to 200°C and a treatment time 
of about from 1 second to 15 minutes. Usable techniques for heating include hot-air heating, contact with a hot plate, 
infrared heating, and the like. However, any heating technique may be used without particular limitations as long as it 
evenly foams or expands the cured pressure-sensitive adhesive layer 2a and neither fouls nor damages the adherend 5. 

30 [0039] In the case where the substrate 1 of the pressure-sensitive adhesive sheet is a stretchable substrate, a stretch- 
ing treatment can be conducted, for example, by using a stretching means ordinarily used for two-dimensionally stretch- 
ing sheets. 

[0040] Since the radiation-curable heat-peelable pressure-sensitive adhesive sheet used in the invention has the 
pressure-sensitive adhesive layer 2 containing a pressure-sensitive adhesive substance (pressure-sensitive adhesive), 

35 the adherend 5 can be tenaciously held thereon by tackiness, so that the adherend 5 does not separate from the 
pressure-sensitive adhesive sheet even when the sheet vibrates during transportation. Furthermore, since the pres- 
sure-sensitive adhesive layer 2 is moderately cured by irradiation with a radiation before a cutting step, the adherend 
can be cut into a given size in the cutting step while preventing the pressure-sensitive adhesive layer from being flung 
up by the cutting blade and while preventing the pressure-sensitive adhesive from deforming to cause chipping etc. 

40 Moreover, since the pressure-sensitive adhesive layer 2 contains heat-expandable microspheres and has thermal 
expansibility, the heat-expandable microspheres are promptly foamed or expanded by a heat treatment after the cutting 
step and the pressure-sensitive adhesive layer thus changes in volume to form a three-dimensional structure with a 
rough surface. Consequently, the area in which the adhesive layer is adherent to the resultant cut pieces 8 decreases 
considerably, and the adhesive strength hence is considerably reduced or lost. Thus, a considerable decrease or 

^5 elimination of adhesive strength is attained through the curing of the pressure-sensitive adhesive layer by irradiation 
with a radiation and through the heat treatment. As a result, the operating efficiency and working efficiency in the step 
of cutting the adherend 5 and in the step of separating and recovering the cut pieces 8 are greatly improved, and the 
production efficiency also can be greatly improved. 

[0041] Although the radiation-curable heat-peelable pressure-sensitive adhesive sheet used in the invention may 
50 be used in applications in which an adherend is permanently bonded, it is suitable for use in applications in which an 
adherend is bonded for a given period and, after accomplishment of the purpose of bonding, the bonded state is 
required or desired to be ended. Besides materials for fixing semiconductor wafers or multilayered ceramic sheets, 
examples of such applications include carrier tapes, temporarily fixing materials, or fixing materials for, e.g. , conveying 
or temporarily fixing parts in steps for assembling various electrical apparatus, electronic apparatus, displays, and the 
55 like and surface protective materials, masking materials, or the like used for preventing metal plates, plastic plates, 
glass plates, or the like from being fouled or damaged. The adhesive sheet is especially suitable for use in electronic 
part production processes for producing small or thin parts such as semiconductor chips and multilayer capacitor chips. 
[0042] According to the invention, since the pressure-sensitive adhesive layer is constituted of a combination of 
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specific components, not only the adhesive layer has tackiness enabling adherends to withstand transportation and 
other steps, but also cutting can be conducted highly precisely without flinging up an adhesive waste or causing chipping 
and the resultant cut pieces can be easily separated and recovered from the adhesive sheet. Consequently, the oper- 
ating efficiency and working efficiency in the step of separating and recovering the cut pieces can be greatly heightened, 
5 whereby the efficiency of production of small or thin cut pieces such as, e.g., semiconductor chips and multilayer 
capacitor chips can be greatly improved. 

[0043] The invention will be explained below in more detail by reference to an Example. 
EXAMPLE 1 

10 

[0044] A hundred parts by weight of an acrylic copolymer (weight average molecular weight, 500.000) formed from 
1 00 parts by weight of butyl acrylate and 5 parts by weight of 2-hydroxyethyl acrylate was mixed with 30 parts by weight 
of heat-expandable microspheres (trade name "Matsumoto Microsphere F-50D", manufactured by Matsumoto Yushi- 
Seiyaku Co., Ltd.), 3 parts by weight of an isocyanate crosslinking agent, 12 parts by weight of a hexafunctional pho- 
ts topolymerizable compound, and 3 parts by weight of a photopolymerization initiator to prepare a liquid mixture. This 
liquid mixture was applied to the corona-treated side of a polyester film having a thickness of 100 u.m, and the coating 
was dried to form an acrylic pressure-sensitive adhesive layer having a thickness of 45 um. Thus, a radiation-curable 
heat-peelable pressure-sensitive adhesive sheet was obtained. 

20 COMPARATIVE EXAMPLE 1 

[0045] The same procedure as in Example 1 was conducted, except that the photopolymerizable compound and the 
photopolymerization initiator were omitted. Thus, a heat-peelable pressure-sensitive adhesive sheet was obtained. 

25 COMPARATIVE EXAMPLE 2 

[0046] The same procedure as in Example 1 was conducted, except that the heat-expandable microspheres were 
omitted. Thus, a radiation-curable pressure-sensitive adhesive sheet was obtained. 

30 EVALUATION TEST 

[0047] A polyester film having a thickness of 25 um (trade name "Lumilar S10 n , manufactured by Toray Industries, 
Inc.) was press-bonded to the pressure-sensitive adhesive layer side of each of the pressure-sensitive adhesive sheets 
(20 mm wide) obtained in the Example and Comparative Examples. These test pieces were examined for 180° peel 

35 tackiness (N/20 mm; peel rate, 300 mm/min; 23°C). This tackiness measurement was made before treatments, after 
irradiation with a radiation, and after the irradiation and a subsequent heat treatment. The irradiation with a radiation 
was conducted by using an air-cooled highpressure mercury lamp (46 mJ/min) to irradiate each test piece from the 
pressure-sensitive adhesive sheet side with ultraviolet for 10 seconds. The heat treatment was conducted in a 130°C 
hot-air drying oven for 5 minutes. 

40 [0048] Furthermore, each of the pressure-sensitive adhesive sheets obtained in the Example and Comparative Ex- 
amples was applied to a semiconductor wafer having a thickness of 50 urn and then irradiated with a radiation. Sub- 
sequently, the wafer was diced with a dicer (DFD651, manufactured by DISCO), and whether or not an adhesive waste 
was flung up was visually examined. Thereafter, a heat treatment was conducted, and the cut pieces were picked up 
and visually examined for the occurrence of cracking caused by the pickup. The irradiation with a radiation and the 

45 heat treatment were conducted under the same conditions as in the above evaluation. 

[0049] The results of the evaluations are shown in the Table below. In each of the Example and Comparative Exam- 
ples, no adhesive residue was visually observed on the polyester film and chips separated from the pressure-sensitive 
adhesive sheet after the heat treatment. 

50 



55 
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Table 







Example 1 


Comparative Example 1 


Comparative Example 2 


5 


Tackiness (N/20 mm) Before treatments After 










irradiation After irradiation and heating 


2.50 


2.60 


2.40 






0.50 


2.20 


0.60 


10 




0.00 


0.05 


0.70 




Adhesive flinging 


Not 




Not 






occurred 


Occurred 


occurred 


15 


Chip cracking 


Not 


Not 








occurred 


occurred 


Occurred 



[0050] The Table shows the following. In the pressure-sensitive adhesive sheet obtained in Example 1 , the tackiness 
of the pressure-sensitive adhesive layer moderately decreased upon the irradiation with a radiation, whereby the pres- 
sure-sensitive adhesive could be prevented from being flung up during the cutting. Furthermore, the tackiness was 
lost by the subsequent heat treatment, whereby the chips could be prevented from cracking during the pickup. In 
contrast, the pressure-sensitive adhesive sheet of Comparative Example 1 underwent little decrease in tackiness upon 
the irradiation with a radiation, so that the pressure-sensitive adhesive was flung up during the cutting. The pressure- 
sensitive adhesive sheet of Comparative Example 2 underwent a decrease in tackiness upon the irradiation with a 
radiation but underwent no further decrease in tackiness upon the subsequent heating, so that the chips cracked during 
the chip pickup. 



Claims 

30 

1. A process for producing cut pieces which comprises placing a work to be cut on the surface of the pressure- 
sensitive adhesive layer of a radiation-curable, heat-peelable, pressure-sensitive adhesive sheet which comprises 
a substrate and, formed on at least one side thereof, a pressure-sensitive adhesive layer containing heat-expand- 
able microspheres and a radiation-polymerizable compound, irradiating the pressure-sensitive adhesive layer with 
a radiation to cure the adhesive layer, cutting the work into pieces, subsequently thermally foaming the pressure- 
adhesive layer, and then separating and recovering the cut pieces from the adhesive layer. 

, The process for producing cut pieces as claimed in claim 1 , wherein said pressure-sensitive adhesive is selected 
from the group consisting of rubber-based pressure-sensitive adhesives, silicone-based pressure-sensitive adhe- 
sives and acrylic pressure-sensitive adhesives. 

3. The process for producing cut pieces as claimed in claim 1 , wherein said heat-expandable microspheres have an 
average particle diameter of about 1 to 80 urn. 

45 

4. The process for producing cut pieces as claimed in claim 1, wherein said heat-expandable microspheres are 
contained in an amount of 10 to 200 parts by weight per 100 parts by weight of a base polymer constituting the 
radiation-curable, heat-peelable pressure-sensitive adhesive layer. 



35 



40 



50 



55 



5. The process for producing cut pieces as claimed in claim 1 , wherein said radiation-curable compound has a mo- 
lecular weight of about 1 0,000 or lower. 

6. The process for producing cut pieces as claimed in claim 1, wherein said radiation-polymerizable compound is 
contained in an amount of 1 to 100 parts by weight per 100 parts by weight of a base polymer constituting the 
radiation-curable, heat-peelable pressure-sensitive adhesive layer. 
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Patentanspriiche 

1. Ein Verfahren zum Herstellen von geschnittenen Stiicken, welches folgendes umfasst: 

5 Platzieren eines Erzeugnisses, welches geschnitten werden soil, auf der Oberflache der auf Druck sensitiven 

Klebeschlcht einer durch Strahlung vulkanisierbaren, In der Hltze ablosbaren, auf Druck sensitiven Klebebe- 
schichtung, welche ein Substrat umfasst und, ausgebildet auf zumindest einer Seite davon, eine drucksensitive 
Klebeschicht enthaltend in der Hitze expandierbare Mikrohohlraume (microspheres) und eine durch Bestrah- 
lung polymerisierbare Verbindung, 

10 

Bestrahlen der auf Druck sensitiven Klebeschicht mit einer Strahlung, urn die Klebeschicht zu vulkanisieren, 
Schneiden des Erzeugnisses in Stucke, anschliefiendes 
15 thermales Aufschaumen der auf Druck sensitiven Klebeschicht und anschliefiendes 

Ablosen und Wiedergewinnen der geschnittenen Stucke von der Klebeschicht. 

2. Das Verfahren zum Herstellen geschnittener Stucke wie in Anspruch 1 beansprucht, worin besagter auf Druck 
20 sensitiver Kleber ausgewahlt aus der Gruppe bestehend aus Gummi-basierten auf Druck sensitiven Klebern, Si- 

licon-basierten auf Druck sensitiven Klebern und auf Druck sensitiven Acrylklebem ist. 

3. Das Verfahren zum Herstellen geschnittener Stucke wie in Anspruch 1 beansprucht, worin besagte in der Hitze 
expandierbare Mikrohohlraume (microspheres) einen durchschnittlichen Partikeldurchmesser von 1 bis 80 um 

25 aufweisen. 

4. Das Verfahren zum Herstellen geschnittener Stucke wie in Anspruch 1 beansprucht, worin besagte in der Hitze 
expandierbare Mikrohohlraume (microspheres) in einem Anteil von 10 bis 200 Gewichtsanteilen bezogen auf 100 
Gewichtsanteiie des Basispolymers enthalten sind, welches die durch Bestrahlung vulkanisierbare, in der Hitze 

30 ablosbare, auf Druck sensitive Klebeschicht konstituiert. 

5. Das Verfahren zum Herstellen geschnittener Stucke wie in Anspruch 1 beansprucht, worin besagte durch Strahlung 
vulkanisierbare Verbindung ein Molekulargewicht von etwa 10 000 oder weniger aufweist. 

35 6. Das Verfahren zum Herstellen geschnittener Stucke wie in Anspruch 1 beansprucht, worin besagte durch Strahlung 
polymerisierbare Verbindung in einem Anteil 1 bis 100 Gewichtsanteilen bezogen auf 100 Gewichtsanteiie des 
Basispolymers, welches die durch Bestrahlung vulkanisierbare, in der Hitze ablosbare, auf Druck sensitive Kle- 
beschicht konstruiert, enthalten ist. 

40 

Revendications 

1. ProcSde de production de pieces coupees qui comprend la mise en place d'un ouvrage devant etre coupe a la 
surface de la couche adhesive sensible a la pression d'une feuille adhesive sensible a la pression, pelable a chaud, 

45 durcissable par irradiation, qui comprend un substrat et, formee sur au moins une face de celui-ci, une couche 

adhesive sensible a la pression contenant des microspheres expansibles par la chaleur et un compose polyme- 
risable par irradiation, i'irradiation de la couche adhesive sensible a la pression par une radiation pour durcir la 
couche adhesive, la coupe de Touvrage en pieces, posterieurement le moussage thermiquement de la couche 
adhesive sensible a la pression, et ensuite la separation et (a recuperation des pieces coupees de la couche 

50 d'adhesif. 

2. Proced6 de preparation de pieces coupees tel que revendiqu6 dans la revendication 1, dans lequel ledit adhesif 
sensible a la pression est choisi dans le groupe constitue par des adhesifs sensibles a la pression a base de 
caoutchouc, des adhesifs sensibles a la pression a base de silicone, et des adhesifs sensibles a la pression 

55 acryliques. 

3. Precede de preparation de pieces coupees tel que revendiqu6 dans la revendication 1, dans lequel lesdites mi- 
crospheres expansibles par la chaleur ont un diametre de particule moyen d'environ 1 a 80 um. 
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Procede de preparation de pieces coupees te! que revendique dans la revendication 1, dans lequel lesdites mi- 
crospheres expansibtes a !a chaleur sont contenues en une quantite de 10 a 200 parties en poids pour 100 parties 
en poids d'un polymere de base constituant ta couche d'adhesif sensible a ta pression, pelable a chaud, durcissable 
par irradiation. 

Procede de preparation de pieces coupees tel que revendique dans la revendication 1 , dans lequel (edit compose 
durcissable par irradiation a une masse moleculaire d'environ 10 000 ou moins. 

Procede de preparation de pieces coupees tel que revendique dans la revendication 1 , dans lequel (edit compose 
polymerisable par irradiation est contenu en une quantite de 1 a 100 parties en poids pour 100 parties en poids 
d'un polymere de base constituant la couche adhesive sensible a la pression, pelable par ta chaleur, durcissable 
par irradiation. 
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FIG. 2 
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